The objective of this research was to determine the physical and mechanical properties of oriented strandboard (OSB) using strands of Cupressus glauca Lam., before and after a thermal treatment, as well as to evaluate the susceptibility of the boards to fungi attack. Boards with nominal density of 0.70 g/cm 3 were produced with 5% and 8% of urea-formaldehyde (UF) resin. Physical and mechanical properties were evaluated according to ASTM D 1037ASTM D (1991 standard and compared with CSA O437.0 and ANSI A.208.1 standards. All mechanical properties were higher than those values required by both standards, except the modulus of elasticity in parallel axis. The thermal treatment slightly reduced the modulus of elasticity and stress at proportional limit, both in perpendicular axis, however improved significantly dimensional stability. Dimensional stability of the treated OSB was improved at the lower resin level but did not reach the maximum value required by the Canadian standard. Biological assay showed that heat-treated cypress OSB exposed to P. sanguineus reduced mass loss from 39% to 50%, while for G. trabeum the reduction was from 40% to 49%. Post thermal treatment of manufactured OSB (190ºC, 720 s) can be the recommended method to reduce the hygroscopicity without great effect on mechanical properties and to protect panels against these fungi.
INTRODUCTION
Plywood and oriented strandboard (OSB) panels are very similar in the conception of reducing the dimensional stability and anisotropy of the wood, but raw material, manufacturing process and mechanical properties are very different. The disadvantage of OSB compared to plywood is the higher dimensional instability. To improve this property it is necessary to reduce the water adsorption of the wood and release the stress imposed during the hot-pressing process. Some studies have evaluated a method which can do this in an one-way step: the thermal treatment applied after the consolidation of the panel.
One of the first studies to evaluate this kind of treatment was conducted by Roffael and Rauch (1973) . They evaluated di-isocyanate bonded particleboards exposed to 200ºC for 15 to 60 minutes and the results showed a decrease in thickness swelling (TS) and water absorption (WA). The modulus of rupture (MOR) was reduced up to 20%. Shen (1974) exposed urea-formaldehyde bonded panels from 260 to 343ºC during two to four seconds pressed from 200 to 600 psi. No significant change in MOR and shear strength was observed. Hsu et al. (1989) heat-treated phenol-formaldehyde bonded waferboard at 240ºC during 2.67, 4.16 and 10.50 minutes and verified an enhancement in TS and a slightly deleterious effect on the MOR. They also concluded that stiffness is more affected by thermal treatment than strength. Suchsland and Xu (1991) also studied yellow-poplar flakeboard under 232ºC
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On the other hand, it is very well known that thermal treatment has a deleterious effect on mechanical properties of wood. According to Bengtsson et al. (2002) , the heat-treatment decreases the strength and the stiffness of the wood. However, the extent of loss may vary either by the heat-treatment schedule or the wood species. Softwoods have shown larger reductions in strength than hardwoods. Usually, the bending and tensile strength of heat-treated material is reported to drop between 10% and 30%. Goroyias and Hale (2002) studied the effect of heat treatment from 200ºC to 260ºC with increments of 10ºC during 20 minutes on the mechanical and physical properties of strands. They concluded that high temperature treatments resulted in significant reductions in thickness swelling of wood strands as well as in modulus of rupture and modulus of elasticity by 20%.
A very promising method to improve dimensional stability has been studied in Brazil since 2001. It is a kind of post-thermal treatment where panel is re-pressed and heated, with pressure enough to ensure contact between the panel and the press platens. Recently, Del Menezzi and Tomaselli (2006) employed this treatment (250ºC, 240 s, 420 s, 600 s) in a single layered OSB from Pinus taeda, with 0.8 g/cm 3 nominal density and 8% of phenol-formaldehyde resin, and observed reduction in TS, equilibrium moisture content (EMC) and permanent thickness swelling (PTS). Del Menezzi (2004) used this same method to treat commercial pine OSB bonded with phenol-formaldehyde in surface layer and di-isocyanate in the core layer at 190ºC and 220ºC during 720 s, 960 s, and 1200 s.
Thickness swelling decreased in 39% and 25%, after 2 and 24 h of water immersion, respectively, while WA was reduced in average 31% and 17%, respectively. There was a decrease in average of 5.9% in mechanical properties, but this was not statistically significant. This relative low impact on mechanical properties could be attributed to as a strategy on thermal treatment, such as fast heating conduction and short time of treatment. However, they observed that the total amount of hemicelluloses was reduced by 20% for treated OSB (220ºC, 1200 s), so panels became less hygroscopic. Thus, if hemicelluloses are degraded, some improvement can be expected on the resistance against fungi decay because it is the main wood polymer source of these organisms. In fact, several studies have demonstrated that the thermal treatment is effective in enhancing this property. According to Yang et al. (2000) , southern yellow pine OSB were exposed to 14 brown-rot and 8 white-rot decay fungi. In general, brown-rot fungi degraded OSB to a greater extent than did white-rot fungi. The rate of degradation was the same as that of solid wood, but higher weight loss was obtained with OSB.
In this context, the cypress species was chosen to manufacture OSB with the purpose of evaluating its potential as raw material for the panel industry. The Laboratório de Produtos Florestais -LPF, a federal government laboratory has sponsored researches using cypress to generate basic data (Okino et al., 2006) , technological properties of cement-bonded particleboard (Okino et al., 2005) and acetylated particleboard (Okino et al., 2004) . It was also planned other studies about OSB manufacturing as well as technical feasibility evaluation of the thermal post-treatment for panels made from other woods that have been proved to be suitable for reconstituted composites. The objective of this research was to manufacture cypress OSB and expose them to post press-heat treatment to determine the physical/ mechanical properties and susceptibility of the boards to different fungi of the treated and untreated control specimens.
Post-Thermal Treatment of Oriented...: Okino et al.
MATERIAL AND METHODS

Wood Material
Logs of cypress Cupressus glauca Lam., approximately 17-year-old, were collected in Brasília, Brazil, and processed into blocks of 20x100x190 mm. This material was converted into strands in a rotative disc flaker. The strands were sieved in a mechanical screen device and only those passing through a 24 mm aperture and retained on a 8 mm sieve were used. These strands were dried in an electrical oven at 105ºC to reach constant humidity content around 4%. The final dimension of the strands was approximately 0.7x20x70 mm (t x w x l).
OSB Manufacturing
The 13-mm thick mats were hand-formed and pressed on manually controlled hydraulic steamheated press platens at 175ºC and 4.0 MPa of pressure for 8 minutes. The boards were manufactured with two resin levels (5% and 8%) based on the oven-dry weight of the strands. Ammonium chloride at 5% was used as a catalyst and no wax was added. The UF resin (CASCAMITE PB 2346, Alba Química Ltd) was chosen to evaluate the degree of enhancement of the dimensional stability of the boards when thermal treatment was applied. It presented 66% of solid contents and the viscosity was adjusted to 267mPa.s at 25ºC. The non-volatile content was determined according to ASTM D 1490 ASTM D -67 (1972 and the viscosity was measured with a Brookfield Viscometer Model VRF-100. The resin was sprayed using a rotary blender DRAIS FSP 80. For each resin level, six three-layer boards with a surface/core layer ratio of 50/50 were manufactured. Each panel measured 450x450x13 mm and had a nominal target density of 0.70 g/cm 3 . After the production the boards were room conditioned at (65±2)% and (20±1)ºC to reach constant weight.
Thermal Treatment
After the conditioning each board was trimmed (430x430 mm) to eliminate low density edge and cut so as to obtain two halves (210x430 mm). One half was thermally treated at 190ºC during 12 minutes using a single-opening hot press while the other one remained untreated. A pressure was applied just to provide the contact between press plates and the boards' surfaces.
Physical and Mechanical Properties
Physical and mechanical properties of the treated and untreated boards were evaluated according to ASTM D1037 (1996) standard. Two specimens were cut following parallel (//) and perpendicular (⊥) axis for static bending testing to determine modulus of rupture (MOR), modulus of elasticity (MOE) and stress at proportional limit (SPL), while three specimens were cut for internal bond (IB) and two for screw withdrawal (SW) and Janka hardness (JH). These tests were conducted using an INSTRON 1127 Universal Testing Machine. To evaluate physical properties, four samples were cut for water absorption (WA), thickness swelling (TS), apparent specific mass and moisture content (MC) tests.
Biological Assay
The laboratory decay test followed ASTM D 2017-05 (2005) standard, with twelve specimens assigned per treatment. Two brown-rot fungi (Gloeophyllum trabeum (Persoon ex Fries) Murrill, Lentinus lepideus Fries) and two white-rot fungi (Pycnoporus sanguineus (Persoon ex Fr.) Murrill e Ganoderma applanatum (Persoon ex Wallroth) Patouillard) were tested and maintained in the Laboratório de Produtos Florestais (LPF). Two woody support samples (Pinus sp. and Cecropia sp.) were used with dimensions 3.0x29x35 mm to provide the initial growth of the fungi. The flasks were autoclaved at 121ºC during 60 minutes and the incubator room condition was (26.7±1.1)ºC and relative humidity (70±4)%. Twelve replicates per treatment measuring 25x25 mm by the thickness of the boards were tested. The percentage of weight loss (WL) was calculated for each test specimen from the conditioned weight before and after exposure to the decay fungi for 12 weeks. The specimens were rated after testing according to the methodology described by ASTM D 2017 ASTM D -05 (2005 .
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Experimental design
The test results were submitted to analysis of variance (ANOVA) using the SPSS 13.0 for Windows (Statistical Program for Social Science), and the comparison among treatments' means was tested using the Tukey HSD test at 5% significance level.
RESULTS AND DISCUSSION
Physical and Mechanical Properties
The values of mechanical properties are shown in Figure 1 . The MOR values in the parallel direction were 1.3 to 1.8 fold higher than the minimum value required by CSA O437.0 standard, class O-2, which is 29 MPa. The MOR values in perpendicular direction were also 2.3 to 2.8 folds higher than the minimum value required by the same class, which is 12.4 MPa. The ratios of MOR between parallel and perpendicular directions ranged from 1.5 to 1.9, showing the degree of strands alignment. Even though, there was no significant difference among the four treatments, the thermal treatment causing a decrease of 15% in the parallel MOR. This trend was also observed in the perpendicular MOE at the 8% resin level. The panel density of the four treatments was near target density and no significant difference among means was identified.
Comparing MOR values between untreated cypress OSB with 8% UF resin and aspen OSB with 3.5% PF resin (Ayrilmis et al, 2005) , the first showed mean values 45% higher. Compared with control 8% UF resin cypress OSB, the commercial pine sheathing and flooring OSB (Wang et al, 2004) had MOR values, in perpendicular and parallel direction, reduced by 49% and 38%, respectively.
All MOE values in parallel direction were lower than the minimum required by CSA O437.0 standard, class O-2, which is 5,500 MPa. The MOE values in the perpendicular direction were in average 1.5 and 1.7 fold higher than the standard requirement, which is 1,500 MPa. The MOE ratios between parallel and perpendicular directions ranged from 1.3 to 1.5. 
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The resin level was significant only for those panels that were not submitted to the thermal treatment. The treatment caused a decrease in the elasticity only for the panels with 8% resin in the perpendicular direction. Regarding mechanical properties, the thermal treatment did not have any effect, except on the MOE in the perpendicular direction of alignment within panels bonded with 8% resin.
Mean values of SPL in the parallel direction showed no difference among treatments, while in the perpendicular direction they showed two homogeneous groups. The treatment had no effect on this property, but the resin level had, for SLP in the perpendicular direction and only for the untreated panels. As predicted, mean values of maximum load in the parallel direction were higher than in the perpendicular direction, without any difference among treatments.
Results presented in Figure 1 show that heat-treated OSB at 5% UF generally experienced increasing mechanical performance, except to MOR and maximum load, in parallel direction, whereas with 8% UF this trend is not shown. It might be that the secondary heat-treatment further cured the 5% UF resin and/or negatively affected the 8% UF cure.
The values of IB, SW and JH are presented in Figure 2 . The IB values were higher than minimum required by CSA O437.0, class O-2, which is 0.345 MPa. In general, these values were 1.5 to 1.8 higher than the requirement, evidencing the good bonding quality of the strands. The thermal treatment did not have any effect on the IB and no difference was observed among the four treatments. Comparing the results obtained, the values observed were approximately 38% higher than those obtained by Ayrilmis et al (2005) for aspen OSB with 3.5% PF resin. SW and JH values were 1.4 to 2.0 folds higher than those required by ANSI A.208.1 and CSA O437.0 standard, class O-2. No evidence was observed of means differences among the treatments according to the Tukey test on SW and JH. Based on these results there are a great potential to use cypress as an alternative reforestation species since special attention is given in the genetic improvement and also management.
The results of the physical properties are presented in Figure 3 . The thickness swelling after 24 hours of water soaking exceeded the maximum value required by CSA O437.0, class O-2. The thermal treatment improved dimensional stability to a higher extent at the lower resin level. Regarding the 8% resin level, the treatment was not so efficient as to improve dimensional stability. Contrary to trends shown in Figure 1 , the physical property results shown in Figure 3 seems to show that 8% UF clearly out-performed 5% UF. This behavior could be related to the known lack of UF-water-resistance.
Present results compared with Del Menezzi and Tomaselli (2006) showed that treated laboratorymanufactured OSB were more unstable than the further, but this might be explained by the use of nonwater resistant resin and non-conventional particles. Nevertheless just one set of processing conditions (190ºC, 720 s) was studied, the best conditions found in the study by Del Menezzi (2004), both thickness swelling and water absorption decreased after the thermal treatment, showing a direct relationship between them, rather still the treatment did not attend the maximum requirement to thickness swelling after 24 h. Apparent specific mass ranged from 0.691 to 0.749 g/cm 3 and according to Tukey test it showed only one homogeneous group. Comparing apparent specific mass between control and treated OSB with 8% UF resin, the values were 0.749 and 0.702 g/cm 3 , respectively. Secondary thermal treatment did not caused a densification of the panels, so physical and mechanical properties should not be highly changed. 
Thermal treatment resulted in improved dimensional stability of the manufactured OSB, on finding the permanent thickness swelling (PTS) or "springback", showing a reduction in average 41% to 39% in thickness when compared to control boards, due to the sum of two components, the swelling of the wood itself and the release of compression stresses from pressing operation. In the other cases, the percentage of mass loss, on oven-dried basis, was approximately 9% to both resin contents, without significant differences. The moisture content was between 10% and 11%, and the thermal treated specimens showed lower water uptake.
In general, reduction in strength and stiffness is the result of elevated temperatures for an extended time. These changes are generally attributed to the thermal degradation of the wood substance. Impact and bending are the most degraded wood properties, whilst bending stiffness and major weight loss are least affected (Yildiz et al, 2002b) , and OSB behaves in a similar way.
Biological Properties
The results of the laboratory decay test ranked the panels into the classes "resistant" and "highly resistant," according to ASTM D 2017 ASTM D -05(2005 . The thermal treatment caused a significant decrease in the mass loss for the fungi P. sanguineus and G. trabeum, at 5% and 8% resin level, while remaining almost unchanged for G. applanatum and L. lepideus.
Tukey test showed that both thermally treated OSB, with 5% and 8% UF resin, exposed to P.sanguineus showed one homogeneous group, which might suggest that a lower resin content treatment may be applied giving the same results. Nevertheless, taking in account the fact that mechanical property results went way up on post-pressing, secondary thermal-treatment, it might be that UF was not totally cured and thus excess urea and formaldehyde were present for non-thermal treated material at 5% UF resin. It was identified that OSB exposed to G. applanatum showed one homogeneous group, this way both increasing resin content and thermal treatment were not effective to improve the biological resistance. The same result was observed when OSB was exposed to L. lepideus. On the other hand, OSB exposed to G. trabeum and P. sanguineus showed two and three homogeneous groups, respectively, thus evidencing that thermal treatment had the same effect as increasing in 3% the resin content in panels, so an economic study should be carried out to decide which treatment is advisable. Del Menezzi (2004) demonstrated the economic feasibility of this kind of thermal treatment (190ºC, 1200 s; 220ºC, 720 s) and calculated the rise in the production cost as much as 5%. OSB with 5% UF-untreated panels assayed with G. trabeum showed only one homogeneous group different from the other treatments. (2000) found 37.3% and 49.0% mass losses on G. applanatum and G. trabeum, respectively, which are 3.6 and 2.8 times higher when compared to the present study; they also obtained a negligible mass loss of just 1.8% on P. sanguineus. Chung et al cited by Yang et al (2000) stated that structure and design of OSB lead to large voids, which provide abundant paths for fungal hyphae to penetrate and degrade the wood. Therefore, faster and more extensive degradation of OSB was expected. They also verified that in general the brown-rot fungi caused more degradation and greater mass loss than did white-rot fungi, but this statement has not been entirely evidenced in this study. Moreover, the large standard deviations listed by them were in accordance with some aforementioned results of a biological assay, showing the great sensibility and variability of fungi tests. Ayrilmis et al (2005) conducted a decay laboratory test with brown-rot fungus Fomitopsis palustris (Berk. et Curt) Gilbn. & Ryn and the white-rot fungus Trametes versicolor (L. ex. Fr.) Quel., using 3.5 % PF resin in control aspen OSB, and found 18.77% and 16.23% mass loss, respectively. These mass losses are in accordance with the highest mass loss described to 5% UF resin control OSB. Goroyias and Hale (2002b) treated 3% PFbonded Scots pine unaligned strandboards (210ºC, 320 s) with a 1% wax content and tested against Coniophora puteana, Postia placenta, Trametes versicolor and Pleurotus ostreatus. The results for the white rot fungi showed little, if any effect of the heat treatment on decay. Heated strandboard (250ºC, 720 s) only achieved 24% and 20% reduction in weight loss on C. puteana and P. placenta, respectively. In this study thermal treated 5% UF strandboards (190ºC, 12 min) achieved a reduction of 40% and 50% mass loss on G. trabeum and P. sanguineus, respectively, while 8% UF strandboards showed a reduction of 49% and 39%, which seems to be a good approach to enhance the panels durability. Again this whole result might be possibly explained by the enhanced UF resin curing that was observed in Figure 1 .
It has been shown that thermal treatment causes a strong decrease of the hygroscopicity of the wood and panel, as a result of cross-linking, reduction of hemicellulose content, esterification, the amount of accessible hydroxyl groups and reduction of amorphous regions of cellulose (Tjeerdsma et Universidad del Bío -Bío al, 2000) , and since white-rot fungi for their metabolism also are dependent on conversion of hemicellulose, its reduction is believed to be the main cause of the increased resistance against these fungi, mainly on P. sanguineus.
Maritime pine and poplar heat-treated (200 to 250ºC, 6 h) wood showed the presence of polynuclear aromatics hydrocarbons derivatives of phenantrene and acenaphytylene due to degradation of wood constituents. It is most likely that the presence of all such compounds contributes -perhaps to a relatively substantial extent -to the reported resistance of heat-treated timber to fungal and other biological attack (Kamdem et al, 2000) . Similar findings correlated to tropolones compounds' natural products found in cypress wood may also difficult the fungi attack.
CONCLUSION
All mechanical properties of UF resin bonded cypress OSB were higher than the Canadian requirements, except MOE in the parallel direction. Mechanical properties of modulus of rupture, parallel stress at proportional limit, internal bond, screw withdrawal, maximum load, and Janka hardness were not affected by the thermal treatment. Otherwise, the proposed thermal treatment improved all properties related to dimensional stability and it was effective to enhance the durability against three from four fungi evaluated. Dimensional stability was improved in the lower resin level panels. The panels presented good resistance to the tested fungi and were graded as "resistant" or "highly resistant". The higher improvement in susceptibility of the OSB was observed in the decay test of the white-rot fungus P. sanguineus in treated panels. Further studies should be focused on determining the critical level of pressing time and resin level.
It is recommended the conduction of a complete research increasing the processing parameters and other types of adhesives.
